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I,. Bmmm 
PbQSplmtle #®rt,lll2efs niM 1e the !liaif®st©rn states 
are now aaie MTgBlf fmm phsspliat©- a#poslts to fl0:rlia 
.-ana loweTtri the Tmmms «>f rmk 
phQsplmte ay® trnmA in th® wmtmm. states. Bimm tMe 
ifldwest lies at«©3? -tti® w®st#rii t#p0sits> it is of 
iaterest to inT^stigst# th® p©ssiM© wiisTtts® ef the 
vtstem iepesits ,ln thii area., 
fh© tte#® w®st#rii m&ks sttttiei ¥#re fi'oa th@ 
Wmt lallf MAg mtm of tti® iimplot fettili2«r 
the eoHia, Idaho sin© of the Ijiaeoiiida C©pp@r Mlniag' 
Compaq, and an Idaho mlm simplying tlie fmmmmnte 
Metals Corporatioa» these m&ks eontaiaed 31# 6, 
31#2 29«7 p«t-c®nt yesspettiirelyii €oiitrol 
@i5)eriii®ats were ma&m lAth Florida %m& ,p©feljl«t wMeh 
is nm in mwmmtBl tasei tmm tb# llalM^ry, Florida 
deposits of tim Iat#rnational linerals and tii«i$als 
Corpo^'atioa eontaiaiug 32»5 p®re®fit PfOf# 
•fhe acidniation eliaractefistiei of emh mck were 
d®t@i?aia«4 aixiiag mmh roek witli feotli fl*2 p#re«nt 
Hfl©^ aai ?§»0 'pemtat 1|F% of®!'- the @«plet# range 
©f a^Miilation^ euTtog at f&f 30- days 
it was found that the western rocl:s re<|iiir©t la'the 
arder listed afco-r®, k^^Op 1§,0 rniA If*8 p#i»eeat greater 
Sttlftirie acsii teidulatioia than the Florida TOck to 
gl^© 95' p©i*e©at c-onwysloa ot th® P't©^ to an a'^ailabl© 
form.. So attain-9? p®reeat mmmrwion witli f§.0 percent 
H|F% t&« w®:st®» recks repair® %»0,  6»7 aai  l6»9 
p#TC«»t gy«at®y .a.eMiilation thm floriia TO€k# 
StMies m th0 0ftmt of aeii e©ne®iiti»ation iniiemt# 
fe®tt@r eonT^iP.slQs with 60m§ pmmut HgS^ than wltli 
f2..t2 m 8©*d f#»®ttt m all »eks# Mhm aeidiiMtei 
witli •0ytli©pl»spfeori€ meld 'all wmks stiMi# fsf# 
aa^iiim ©onveTOion at aeM ©one«iit^atlc}as •tetw@f» 6B 
lai 7© p^einit. 
t,sMwB.tQTy tests ©f thB mmtion »tea between the 
|jli0spfeat# rocks 'Ani «ld Inaieate normal 
©•aa fee la a eo'iitiaM^na '©oaiesl mixBT' mitm 
t® 53.7 ^t©#at leattiig tli® aeii: to 
•allows fm faster rtaetioa anfl shorter setting up time# 
leeamstt, ©f' tli® long fliild tts® eneoimtsi-tfi a voiald 
pTObafelf' he n.mm$s$T^* 
X 
f&© fliili tlia#s ^#t«f®inei for trlpl® atipei^hosptiat# 
wem^ all ©f loag ©ao«gli dwatioa to Indicate' poaslljl® 
ttse of a eontlaaoTis coniaal nlxer, yet sufflelently 
sMrt to p#Mit getting w oa a "belt ta* 
er«as-®i seii •eoaeeatrstions •-aat 
flmM tiae* 
Aeii tesipe^ttiaf es aai ettping teffipwatiires fee-
t¥©©ii ai^ 150°f< bad little eitmt m mm'msion 
la aoM&l stiperpii0spliat#« la trifl# smf®ippli©sp-liat@ 
®l«vst©i t««p«ttiir#s as «#otmt#r#d in s-teieagf 
piles produced a a&ftiA i®er#as@ In eoRV«ysiaa ©a 
tli« towc rocks • 
fti# sttp#irptesfliat«s m&m tmm 'mstem m^ts vlth 
either m©ii ta thm praetieai raag© showed is© mom 
tmMmey to ®a3fe® thaa iii' th©t# frsa Fisariia 
Wmk &i other isfiitigatoys- lias sli©m that th© 
fo«atloa iletleitm phosplatt f^m p«tially 
a@iimlst®ft m^k fhosphst© is at #l©mt«d 
tsapsyatayes aaa py@ssw:es in tiit pmmtim &f »is-tiii?#» 
Attempts w«r@ aaa« to fini a B»teiriai wMeh e©iil€ Is© 
added to psrtially aeid-alat®^ 'TOek to hold th© 
necessary a©istw© at ©legated • t«p-»st«r©s mA at* 
BKJspheric ptmsmm.^ Th& aiKtui'.es mmm heated in s 
dyy ate>-spii©f# up,to mA in supetlitatei st«M 
• 0 
it 17? C. Small beneficial eftmtB vmm' Qtotaine^ iti 
mmm ttie aWitlon of aagaesitia silieates 
pre-dtie#s 8 Jf©i»tiiia<ir liaviag supepiop physical 
properties# Watey soMMli^ of tlie PgOj mmtmt ms 
amrkeily- r@iiiee#t imwrnmr^ 
m iimMCfios 
4« Stat©m«it df froMea 
ptsstiee of ti?«atiag pliosphatle aate^lsl 
vjth aineral •^cid t© prodm® f»tlliz©r M its 
Istglnaiiig tfeottt om laiiia»d years agO:t ffe® sajof 
pl»spliaMe f#ftllla#r simm that tin# Ms feeea sttper-' 
ph®gpliat® aaie Its' r«metlag mck plipspfiat© aaft STiljfurie 
a«M» iaslemllf tbe preeess lias remain#! mefeangeA 
aitli©tJgli t^Pd-feiawats liaf@ toe#a ttooiagli tb® 
m9 ©f Mgbm grai# tm Materials: aiiii fe®tt@r aeefeanleal 
©Q*alpm«iit# ftie pmsmt day prodmet eontaias 18 to 
it amllabl® FaO|* 
Slae© tlie turn @f tise c#iitiay orthoijlidsphorl^ 
aeld lias i»#plae^ sultelc aeii to s©a@ extent ia tlie 
acidnlation. ttie fssnltiag pi*odTi©t# imowi as tripl# 
superphosphat®, lias available | -eoateat of ^5 
t© 'W f«TO#llt» 
Analysis ©f a wlUe •^'arittj of' toek pl».gp!mtes has 
stow the »att2i»al oeu'oiM'iiig sat^Fial to eonslst 
largely fli3©3?apatite witli mrflng :aas'tsits of a 
mmh®T ©f @tli@r 0onititii#ats {ail# fills facst plus 
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Jt ¥a® therefore feeli#ir©d 'to b@ ©f 'intertst 
to itaiy ttie mMulmtlon €?-iaai*set®!fistl©i at vaylaas • 
wes%m&' r©«ks aai tM« to a Hofida rock mw 
in eQiia®:reial mst# Mmmtly a eontiawms conical 
sixer iaas fee®a €#vslop@d Cl2)« It is ©f s#«® tet@r©st 
to kuQW if the mMt%Tn i»oel£s fee aixei' in it# 
is© a|sf3»oaelj. te tli© problem my "b® li^ % 
gtaiyiai asMialstion as Iti is ©ttt es«ffi®i*cially 
ia amkiiig itoraal aai triple supe?pli©spl»t@# The 
pi»tm#ipal eliemlesl r#aetl#a intolfei in making mrmml 
saperi^iio-ifMte mmf 'b© ¥ritt@ii ssi 
CmtfFaCPO,^)^ • 6H2S0j^—> SCaCHaPO,^)^ 4 6CaS0i^ 4 (1) 
Similarly f©F tiflple smp^rptospliatei 
C%#aCi^%)« ^ iai|P%—»- fCaCliP%)t + (2) 
la aiiitieii to the above pa?iiici|5al ?#aetloas th®y@ »© 
a ©f *M® r@aeti©iis whleh mMSvm® additional 
aeii, smeh m th# fsaetion ©f mM with ealsim 
fltiorli# aaa exldes of imm aai alTml.iiiss« 
*8* 
iii p&pw tbe vmetlom 
ea4#aC.P%)| • BHjPOj^—V 9CaHP0„ # 6aft, ' O) 
Gs4@?gC.K»*)s • 31#%—^ 60tHF0^ • 3eaS% • aaftt 1^) 
rnpftw t^lt# .siaplt.», to ^-siltioiis nmms&f 
t© aak# Mi«i g© ili»©etly to mppf^eiatte oxtent 
lia.f© not fce#B t«t«»An®€* Wmm&t a poS'SiM# 
aeelianisffl for prodmcjing dlealelta phospkat® m%f ij© 
lad fey first aeltelating t©^ iioii©€^8fl,eJ.iifi ptespMt# 
aeeo?€lBg t© tfmatlons I mS. t m&. thm t^telyzlng 
t© dicalcim pl»spliate aa€ pli©spli©rie miA as sMwi 
in eq-aation 
eaCHi1P0^)i + Ht© —4- l|P.®i|* C5) 
It has hemm. iuiieatei % theoretical ealettlations that 
the fr®e %nmgf wlme for reaetloa ? is faforabl® C9). 
» 
ll»r® aad'Fsri" (15) In tliel? eqmiliferi« • stmdles of 
the syst#M e^#im oxide, ptospl^nispeiitoxide, m& 
wat@f ill til© raag# of 25^ to 100 ^ e»». hafe ^howi that 
teinptfatiar^ fators the coiw®j»sio.a of moao-
ealeiiM ptespliate te dicalcii® plio$pbat#* (B) 
fo«ai moistore iioiit#nt to fe® a critical faet#r ia tBi© 
fdwatioa ©f di^salcima phosphate mt ttmperatwes between 
0 # 130 C. md t®G C* and mier a pttssiare af a tout 1®0' 
p^mtds p« Bfmar® iaeli# 
Mealeina phos.pliat®, which woiild he fomei h|' 
reaetioas 3 boA has heen shorn to h@ an ©xeelltnt 
fertiliser# I If it e«ild he aade hy some reascmahly 
•s^impl® proeess grmt' eeonomies «>mld h# affordei in 
th&t ©aly half as *iseh ©f the wmT& ©xpmsiir® aeid and 
twie« as math ©f the eheapei* Tmk i$ resiiiirad per unit 
@f product It is "believed that if s©bi« sMtahl® 
aat#rial is &Mmd to the mixtiir© of .rock mii acid 
to hold th© mmmssmj aoistiii*© in the sass, jpeaetion 
$ c©ttli be i»ie to go at atmospheric pyessn^e# 
©liffliiiatiOB of th® pf^ssw® efiiipaeat 3P#^iiiif@i hi'' the 
|}yo^e#ss of Ih©»il: woiali ©Iwio^slr Fssalt ia a a®tho€ 
®ore feasihle for coa®e«;ial ppodu<?tioii#. 
Bms the pfiaary ohj^etives of this r©s#ayeh may 
h© stated asi 
1) A -cooijajrisoa of the aeid^latioa charaeteristies 
of- wfsteKi roek phosphates with a Florida 
T0ek &mA to test the suitability of western 
Tmks fo.r aixing in a r#©ently iweloped 
eontiauoTO eonieal mixer. 
-10' 
t3 The €«t«i?miiiiatloa of whetliw' sMltioa agents 
^ itske th© dlealeim mmtloti go at 
®'te©8pili@?ie ^msBmern 
1# Iwiw sf tftt Iiitwatw© 
file lilst«5ff of the superpliospljate intustry €ates 
fcaet t© l8M) wilts 'MeMg mggmt^Q. treating tea@s with 
sul-farlc aeM to <®oaf@i*t tliela? ealettM .ptospfaat© to a 
torn more a-rsllsM# to growing'plants (33).. la 18^2 
Law®® was fy-siitdi m lagllsli patent ©©wring the 
ta?®ata®at Qi iaoriaaie pli©spMtes witli  stt lfarie aeM C33)* 
fteOTigb tht ms@ ©f Mgher gm&% rock pli^sphat#, better 
$ontTOl aa€ msrs ms^Eaiiloal '©ftttpaent the suptrpliosphat© 
froiaeed toda^ has a higher mntent ClS-tQ p©r©®iit) 
thaa-tlaat aaie in. Mms* Mimt la ©ther rtspaets ttm • 
pToSM&t is essentially "tti© saia©.« ' Morstal smperpho^sphate 
prodmetlott in th® Halted States has ris#B tmm mm. 
in 1868 to afe©mt 9,§©0^»0©0 torn in 1^8 CI3, 37)* 
111# prea'tat r^@e#ss for making ii©riial stiperphosphate 
©fitails th© griaaiiig of rock phespliat® .eontaiaiii^' 
31*3I? p©r©®at PgOj to allow 80-85 percent to pass a 
1©0 s#sh screen (13), aai then aixiag fr#a 0#82 to 
0»f5 ptmis of 5§® to 56® l®-* (62*71 pereeat) suifurie 
•11-
a«sM p#r of Ct6, Z7) ia m@ ©f tlie eofureEtional 
tifti ©f mixers .(Jl.)* fh@ initial rtaetloa rat© lii--
mmms as mm% iilmt© aeM is wei (32). 
Mxiagf the fimli mass Is tlselsaj'ffi into a 4®ii 
tit WLk ef th# reactioa oectupt# fro* the ten t!i# 
B0W pmom. mlM Is iisiatefrated aM %wmst®TTei, to­
rn emi'iiig pii® t© all^w ferther i»@a@tiaa, d^lng 
aa^ or directly tQ m g:raii»la%loii praws aM, 
thmn to ettirls® (13, 31)# Sho#Mp Wight, aai, ii»eli©lli 
C3^) tm mmgw&phs t® fee tisM in 
ittaraiimtion sf the rati© la fe® BaamfacttJre 
&f s©m®l mpwTphm^hmt^* nowsffitplis «3p© %&s®4 
m, tli© Fa J J COg eoattat of t&# rotk tsi Iist# 
'b««-iwiiop^ from studies on Florida a©f • 
Mm hem teit©€ ttoowgli may year® of iis@* 
fripl© siii3@i»pliospliat®s prQimetioa fiat^s feme! absnt 
|& f#ws <16). the ©y-ttidptosplioM©'aeli mseS was first 
m& • still is mie W "wt pr@f®ss* vitti -Stafttyle 
atli C3..6># fill aevel©pitat sf the 
ir©iiieti»a #f phosplifttie mt©s'lal to ®l©a@Btsl ph©spliorms 
lai t# tlie m&ifig of aor# eoiie#sti*at@d-aeiit .soa® 
of whteli is ro* ^teg m-sM fei?-aeiiuiiatioii p«3pposes 
ill, 12., 3©i. mtkrnw iBf®stigmt©»i •hmf# fomi that tit® 
-12 
eoHT^sioa phosphoi-ns t© m a^ailaM# 
fof® tmwm§m vitli an increase 1e aeld eoauentratlen 
f»B[ ai to 6^1- p@remt Ct8).» VQTk done at tii© 
fenoaess©® fallty tatliorltr Cl®» lit 12) i«aieat#s 
ttmiffijia e©afei?'0ioa when 68 t© 72 pea?c©at HjPOi^ Is 
msei# Aetmllj fk to 78 pmmnt is mM la th® 
eomaewlsl pliiit to glwB a r#asoa®Me ©ming tMm* 
CoBmmim mmy also 'M ©iilmiie#€ mom finely gTmnA 
auA Immt etirtag tti^erato© Cll)». a© iaitlal 
t^aetioa .rate ap^aifSHtlj iaer®as®s with t«p©ratiai?et 
hmmew (28)., Sie r#aetloa rat© ©f rock pliosptete 
mB. ©I'th.ofliwsipliorle mM is aacii thsn t!i®t 
with s-altoie aeiS, cs-nstqaeatli" a solid mterial 
ipesTilts la a ®&tter of' almites vitb 6© pereeat or 
Mglitr ^•iieeiiti'atioas ©f %#'%,» ellal'natiag tM aee#s.sity 
&i fbe den. COTing is requirMg. li»OT©r# Bie proii^t 
eoatains h5 to 50 pere«t s^ailatte PfO^. 
Di^alei-oa pliOiphat#» €aHP%, althoi^li InsolaW® 
in water 1» kaom t© compum favorably witk apaoealeita 
fliosphat® as a frntlHsBr C3S)« It Is sad© eoraaisyeially 
hj til# ?®ae.tt©a of ©rteophos-pliorie a«id ©a cal^itm 
a process tStt«oBOffii(@al for fertiliser* llfeomik C39) 
has graatM s |iat#nt cofering a pr©e«sis to isrodmet 
a plicjsfMatie ,f®r1i.ll2«r eonsistiag larg#l|p of filealeiw 
-13 
pl»#|}feate in wKieti Tmk ptesphate Kad ©rttoplJ^spiierie 
seli' mm «lx©«l thm lieatei tmier sspeyatmesffetflt 
psesswe to affeet the fxfdmljsls of aoiioealeinii 
piiospliate toto iiialelta p-hospliat® and mtkophmphoriQ 
meM» ®i® ©?th©fliQspfe0rie aeii llb©rat©i then reacts 
witM til# TOr«a«it#d mek ptesent# M0 other tnfoMatioo 
oa mAim diealeim pliosfliate ^ d'lr©tt aelittlmtioii 
®f m^k pfctQsphat® was ftmd in the Xittratiar#* 
Bwiaf Vorli War II Mm &&1@M was eat off from 
iti major sonreei of roefe pliospliate# In or^er tO' 
®]cteni' ^xlfting supplies, soa® wrk was -midertafeeji 
to stMy tJie eff«i.#t of Mdlfig a illm«t to smptrpliosflmte 
<2, 3, l^f)* til© proe@si consist®! of mixing 1 part 
gmwaM mvpmtim -witii 3, parts superpfaospliate hot twm 
th® 4i»» A Mtr-ked redmotioa ta w®t#r solmblllty was 
iiot©fi» aeeospmlti l>y s illiM tecr@as© la afailaMll^# 
Imports m to tlie eff##tiv«es-i of tfeis ®lxttir® ar# 
somewlaat eontraAieto^f!'* In Mm. iealaiiA tlie results 
vari^ ffoii sap»l©r to noraal fisp@rpliospliste Cl7)f to 
tilghlr msmte^ssftil C'20)>' fli# alxfuy# Is r«|Jort«i m 
inferior to aorsal sup^i^phospimt# is Western, 
Australia C3'5)« 
ios@ slail» vmk has "beta done in this eonstry 
-lif-
t© 'iwelop a sow©#- 0f availtM# aagaegit* Se^tntia®, 
0livla©t ^ealeiasii aagneslte Ct't) as well as iolowlte ant 
C23,, 2'^t 2?! ha¥@ beto tried, all with tlie 
stailay 'res'iilt ©f lowered golmMlitir ©f tim 
mmmpmS.^^ W'& sllgbt dsereas© .ta a-railsMllty# 
•1^ -
m» mimms. ap'iitciPiii 
M* l&terisls 
ai# foek pliespliate in tMs' Tmmt^h. was 
obtat»d from the foiloidjig mnmms sliom to 
fam# !• 
fable I 
Locatloa Designattea 
International Minerals Mulbewy^ « 
and Chemicals Corporation Florida 
Si^l0t Fertilliser Oo^anr Fort Hall, # 
I<jah© 
iaaeoHia Copper Mining CoMa, * 
Cei^ai^' . Idaho ^ 
f©»6nente M©tal§ ® 
e©n@ratio» ^ 
ffm first tte®# 0spfli«rs furniS'liedi. a aiae nari -roelc# 
fli@ fiorifia rock was laM pefetile# 
for til# 0:Qs@rtffiental work a-portion of ^mh rook 
was grotnii ia a di^e mill to pass f9*lO0 pereent 
throiifli a 100 aesk ser#«n* Bcmm m&lfms msMtimg 
fvm a 1§ ffiiamt# gliaking- Ifc a •aaeld.a# ar® 
glTeE la fafel© II# f!i© letter atsa^astioas will )m used 
•for tlie tmts tbroiagliotit tii# aanmsertpt* 
"*3.6* • 
Table II 
S«j?©#ii .isalysta Miimta# oa lo-fap) 
Rock ? $: A f 
Sepe«ii 
a®sli Femmt &f $mpM 
-200 ^3*2 6709 0»k DO. 3 
• 
88 #0 9^#t T&0$ 77.8 
-100 100,0 9%k 99.4 99f3 
*• 100.0 100.0 100.0 
fli® aajoi* e@astittt®fits of m&h rock Mmm aim 
Tkef ar© taMatei ia fail# III* 
faM'ift fft 
CmpmltioB Qt tli@ loek Pl»gp-li8t#0 • 03fJ Basis) 
BOGk f S_ 1, 
CaO . 1 ^?.l 
MgO §,32 QM.. O.^H) Q*m 
3*3$ • 3-.03 ,:a»a8 a, 88 
32A 31^6 3i#t 29>7 
o
 
o
 
M 2,k2 ^ s',30 2M 
FeaOa 0.89 i».83 •©•«'85 ©•75 
MgOj ©•Sl^ 1.1^ 1.15 lAf ' , 
0»6l»' 0.91'^' §•9^* 
Available 3.9 • a.o • 2.8 • 1*1| • 
Is mmiT&i feasis. 
•17-
^Jaleiua aagn-eiiw oxi€® snd flmoyia# wrm 
i#t#i*aia©i ^ til© a®tli0is of B&ftmm aai <19)# 
for Ft#|, earboB 4i©xM© aii aoistw®# tlie 4« 0« C* 
aitl3®is (6) w«3re msed* fte proeedw^s of' th» 
Assoelatioa of flafiia Phosphst® Ittnlng eti#mlsti (5) 
as-M fm o3tia.es of iros .wad alwlim# 
'l# Fhospliat® .Aeli-ttlstisn it«li®s 
to mtcMplish. • tl3,e ofejectlte th© f#.llo*iBg 
plan #f e^«4ii«iital pf©e©€mt© vas ©§tal>llsii»A# 
' !• IstaMiiliiiif data to mmr the rang# of no 
adldtilatlstt to @s:e.e«s mM f«r tM® i^arfo'ns 
tmks «ni« isoasMeyatlou with totli 
stilftirle m&. erthQ^hmphmiQ aeit. 
.2* tlie of aeli in 
th® praetleal aeidulatloa rauf## 
3# Betermtostiiig of tfi© -setting, up ehataetertstj.es 
of t&# &l»¥© »«tioa®d aixtof©.® to preSlet 
tfe# f#asiMllty of in a eoBtlamoiiS 
eantesl aixei?. 
testing til© cafelag tenieacies of the proimcts. 
In tim practieal aeM^lation 3r«ig#-» 
«1.8« 
D<?t#»iiiliig th© #ffeet #f liigli meM tmpmrntwe 
• -aiM. ewiiig- taaaej? siiialated swing pile 
• ...csoiiilttoas* 
Saaples w®s»® sai# up hy laixing ia 
a 1©* k Co0m mmtmr md pmtle^ l®0 grms ©f 
me'k pfeospMt# mi a preTiotislf i®teMiii@d fasatitjr 
of aeii«- All rtattaats were at tmm 
ttnlesi oW4#«ris® aotM* Aft» ttordtigli aixiag th© 
sa»fl# was''traiisf»r3?ei a %O0 al* f@ip. etsrlug 
at tfapeyato®#. III® ©f 
til® thirty Mf 'eiiring tli® saapl# m& Am 
#f th« Maker aai gr©t»id ia a iiieTO«aif3.««ill. to pass 
m B$ a«s!» S'@r#«ii# ligfely stitoated swifles tm 
sticky f©r griMiag ¥®r« g»*^ ms 
as posfiljl® with a aoptar and p#stl®« fh# preserifeti 
portioms of''tli© Sffl|>le ¥®r@ then, weight cs-mt for t&t 
iettisimtioa of - total mt#r i©laM@f eitrat© 
iasoltitei© ft#I aeeoMfeg t© tli« #f Official 
^rieult-oral Chenists Methods of laalF'sii (6)#^ frt« 
aeia was i#t®i7»inti th# seetoii® ©itraeMon, »tbcid. 
gifen hf Mill aofi B©eg0a (18)* fli# 1#. 0* A». C*-
prot«iiir® ©f irfiag at 98»IOO®0«. for $ kom^. wsi ms©i 
for i»ister©# fro® tim analysis gifen atef®, mnmmlm 
tlt« fi|0| eo»t#iit of the »ck ph#spliat« to an 
*19*'' 
swllaM© torn m& tiJ# aeM e©nsu»ptioii wme eal@ttlat©i%. 
Smm^sl points ©f t®elmiqu# ^ieh »lg3it "fee^ mn* 
sli®t«a taaltmt wer® -©^loyta in Mklng tim mmljsm* 
&« ¥«t#r S03 table ©straetloa was wad# ^ a 
stalaa^f# #tt@l mm Mupp&rt th@ filter 
tlimg «B«l>liiig' tlie us©' of st^tl@a». flltratiaii ©f tli« 
toftsl ®ii citrate iaseluM© solmtlsas ms 
fsellltstei tf smprndiBg th® inmwtBi voliMttrie 
fl®sl containinf tli© mMwe tli# tefi@l 
at stteli M lew0l 'as t© Smt tomh the lifoid ia th® 
fttaii®!* selmtloas wwe thms self-fed md ytt^lr«i 
ao • att#iiti0R mtll the flltMtioB was ooapletti* f& 
alalsti® wpoyisatloa icjis asi iast eoatsdnattoa 
tlie aai fec^i-riiig flask mm fitt^ nitli mweT$ 
fmhim&i. tmm filter fapeie# Bm@ -^ppmAtm wm 
ms#i to filter th# fr®« mM 
fli© for a siren rmk^mM aixtwi?# 
to s«t up i«peais upon the i®gF®e of aelfelatioat the 
f«pti©l« sl2© of tlie »el£, the aeM 6«#€iatMtioii» 
th® reaetaat t#^@ratOTt toi. th® grsie ®f tii® roek. 
to #@t©wiitte t]fe® eftmt of these farlatoles, at flow 
tTOijgii m i©sei»lfe®i iff Iridger, fils@ii and itirt <12), 
urns s#t up# fills foasiitei ©f a eo'nieal 'tettoaei 
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:Ia aatelag it hm %®eia 
slmm Cll), timt ©lOTttM rttetitat aM eiaplug te!ip«?etu»t 
laaterially decrease comeTsion, To , tli# dlff©»iie@ 
in oon¥#rsioa ^twetn laboratory Milag mA'^mimg 
and t0wi®rclal a .series ©f tests wmw®' s.®t tip* 
Wfm pre-rlous work tlie m&mts of .stM. a©e«ssary to, 
g.lir# f©, 9?, aai I'QO ©©sft^stos we3?@ «al@ilat©i, 
f©r ^00 and 2f© grass ©f with sultei© aafi 
mtho^hmpimvM a«ii, r®.s-p®ctlwly« ^ 4 ss^l# -ioiitalBliig 
sa ms also asd® la «a$li ema$» Hsr# 
•fee ^ li#atei to' 1S§%» 'SBd iiix:iag ms la 
a 1O0§ A.*' mS'iiii a i»tisth#W Miroastei*# 4ft« 
isixlaf til# .taj^l® vss inf out of tte Ma&er «»€ tfi®a 
pla#@4 .isi a 1 pittf Mason Jar* fh© Jmr was 'tii« closed' 
with .a 00a"feBtl©iisl" two plte#, .glass topped emmw^, 
smbstltntlisf a thin layeip nf glass wml for the 
gask®t-t®.'allow esesf# of ?«®etloa gases > $m& pl^ae^d 
In a eoBStsit teaperatttt*# •eaMn«t litlfi at 1?0%« foy 
3© days' 41®l» lft«f ettiflag the msmal analyses ¥#3?@ wm, 
m .eaeM i^l«# 
0« Meal«lta® Ffeosphat® Studies 
M th# first step is ©aspteiag th# posslMllty of 
oggw 
produciaig m Aical©itiii phosphat© fit vm . 
deeided 'to staiy the- ©ffeet of serpen'felii© .ti4itioa» ' 
i.aaplts of met w©r@ a«M^ated to the stoieMaaetjrie 
aiealclim fhosptot# tatio wttli $6^ Be* (71.2 p©reeiit) 
smltel-e aeM at mom was tlien 
tliorotighlj ¥itli til©, samples* Curing, was ios© 
at Tom for 30 <3.ays# 
la the'stufif of tli© Mm% of tMperatw©# euy'iiig 
eonslst#! of plaeiag tiie Bm^le in a ¥ld® »mtliei 
twttM fitt^ with a glsss wol pltig, and heating'la 
an eleetfieally lieatti oirea for om half at thm 
€©slr«i t«^erat»©. ,Aft®y the nmple had eoolM It was 
gi^md t© fsss an 80 mesh gei?#eii' aai' "Giea -analysed 
aeoorfilEg to the Issoslation ©f 0ffi©l.al .^ytoiiltoal 
Clieaists pro^ieda^pss* 
i: sialiai' wm T»®a m aeld-ttiatM 
sai^sles e»©pt the fr#shlF OTperpluspiiat® was 
allowed to stand ia a eloseA ©oiitate©^ mtil It Md s®t 
mp -tad tlen mixed witii s#?p-aitiEe wliar® strpeaMa© was 
addtd* 
file effect ©f' aeld toncentfatloa oa s-tapl^i 
aeidtilated to tli© dicalsliM i»atio was also stniiei. 
§»© set ©f samples .liad ao adiltioa ®g€at aifieA, tli# 
had serpentia® added# Cmriag was done ia a glaii 
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ast aiiitlon ageat the saatpl# was tipaiisf«»-ei 
to a %§ X $n glass. st®pp@f©a w#ifhiBg feottl© tm 
tlie final Mfore ewing,. M%m ^Qmtng for 
i hmw in m atsospli@r# ©f s«p.@rfe®6t@d st#*^ with 
Bt&ppm th© .sa^le was allo¥@« to mo>l to i?.oob 
tmrnfmrntmrn in a detlcator, tli.ea ^ewelgliM for litating 
l0Si. .4 p«l0i of tw© ir««ks.was allovei. fO'^ th® 
saaipl® to. »a© t©^ ©^tilliterta at Ial503?mt0i?y mn&itiom* 
might ws SLgmim taken to follo-w tli# ©hang# la 
ao.lstm'e eoattat* Ch«ieal taalrsis m$ 'thm m@i& 
f&r «itrat® iasolmM#' .and total ?t9f« 
•25-
km FI»spliat® teitiJlatioa StmAi#s 
1* &#flaitida g£ tami' 
Before preseatlsf experliieiitaX tatas the t«ms 
%Q t>« ms®d will toe i6fis#€-. 
.AeiiTilfttiQtt is th© w®ig!it Pfttl© t© 
0r aeid to rock PgOy f#a? sulfuric aM pliesplwri© 
acid acidiilation, resp#etif@lF» 
•deafegsiQa Is tM ftaetion of tl® t®t$l F^Oy 
eofttemt of Qi# rock ptosghat® iiM® a'^'ailatei® <s©lmM# 
ia aeutral awionitM «itrat@ solution.) • 
iy&il&Mlity i# tii© PjOy 
ii'Tiiai hf tlx® per^eatmg# ©f total ia th© 
ftesfliat®# It is tli-e saae as eonversion for aorsal 
stiftrp i»spliat0 • 
Asia is tli# wtlglit of %!.%, e^'Pa^f 
mit wttght ©f awilsfel® FgOf. It Is 
cal@ialat®i itfitiag stiiwlatioii W afmil®bi3.tty» 
Biis is til© mom seeeptM' ieflaition* la tii# ilsetissisa 
m m&M constiiptiom. m weight of E^SO^, m i>|©| 
p#t wait trm. til# TO«k 'msM% afailaM# 
Is «ls# tisM fm t© rtelfTOeal sldf# of 
tM®, -retstts aelfelatioa eiirr®a« ' It is • 
ealeulated by di^idiag aeMtdatloa eQairQrsioii# 
iiace conversion srailaMlity mm th® sme for 
i»»al STip«rptesp'lMtt« €itli@r itflaltioa msf bt -asti. 
siap^rphosphates giiit with 71»2 peremt HaSO^» 
la tti# asmmfaester©' of nofmal s«p#rpli©splia.te, 
pmQm% EgS% is mat wli©ly mseA, for this 
»asQii it wm im. the mM-almtlm atMim of tli® 
msM&m m&k phosphates# 
irapMcal e'^aptttSQii ©f tfee flm2 pem@nt lii0% 
aeltolfttion ©f th# Trai-istis roelcs is made ia Mgtirt 1* 
a^«ia#atal €ata «# slicwa in lY^ T, fl »M 
fll«- fer «ai« of interpretation ^tli •eonwrsion auS 
aeid eonstu^tion &re shown m the same pl&t*. Feints 
of zmo aciinlatioB w®Fe d©ttifmin«l liy Baking a ei^ate 
insolmtt# Fg§0 i«t®fsiiiatioa on tlie raw met, the 
rah es. »# giTm in tafele III# 
It is mMmt tliat ro©!:' f i» tli© most <l©siraM# 
ft3it snperphmph&tm pmAmtton* 'fhis siglit lie tipeetM 
f I f '  
C9^>osi tion of Mom ml g »lth S y B ait ?l..t Pmmnt HaSO^ 
Acidislatioii, 
llD. HjSCk 
Xl)» PgOjf 
0A9 0.735 0.98 2.225 Imhf 1,715 ' 1.96 2«t0f 
Total PfOf o/o 2^.9 2h»9 «J»*r 22.1' ti.»a m»% 18*,6-
Citrate liisointol# 
PaO^ ©/© 17.2 13.0 10.* 0 6*% 3.2 ©•8 
Water soli^l# 
P2O5 0/0 f*§ 9»9 It. 5 17.^ 19.3 ?0.0 ISA 
AysilaM# ffOj' ©/0 m^f 3.3.,»t 17*® is*f •-• 2®*% SG..% 
Caawersion 0/# 38 50 . 6© ! 7$; 85 96 100 100 
feii constuB^tiefi 
Ife# HgSOi^ 
ifc ivail* Pgbj 
' 1,.28 3.65 1»d8 1..^ •-4»# f l*f6 2»2t 
Moisture o/i 1.80 1.96 2...21 2.22 ^•08 5*9® 
Free acid as 
PgOj o/d §.25 t..33 ©•38 0.51 . §....78 '^•35 %W 
fam® W ' 
^©oi^osltlon -of m&rn with Sock t aai 7l»2 t'ereeat HaSOi^ 
Acidulatlon, . . 
lb, HaSOw #•% ©•735 ®.fS l«2t5 ' !•%?• 1.715 l.f6 2.20 
lb. PjOy 
•fotal ft Of @/& 2f,€ 25.f 2%.l tS-l 21.5 t©.5 lf.% 18.2; 
€itra-te# .Jus-dlttbl# 
PgOy o/© ia.f 15.3 il..3 7*7 1.2 0*0 0^*© 
Wat«r solaM® 
PfQf @/e 6.:1 8.9 ll.S 1%.3 16.7 18.6 19«# If. 8 
AtailaM©^ Pt©-y Vo 8.7 10.6 12.8 15.3 17*3. lf.2 iBa 
Confersion #/© 31 if-l 53 8©- 93 100 im-
Acid const!:^ti©n 
l#'^- 1,.P*- 1.83 1.^ 1.94 lb* H»SOk im 2..2© 
lb. Avail. Fgij 
»l#taiP€ ©/© l#f 1.67 1*71 2.27 t.27 2.31 %.0i 6.9t 
'W©© a®id as 
•©•326 Q-M QM5 0*51 @.51 0..86- 3.89 1©.§ 
IX 
'g'esposition Qt Wmmml *4.# witli Ipel £ -mA 71.2 Wmitmnt 
Acidiilatioa, 
!¥• Mgrnu 
lb, ftO| 0.V9 0,735 0.98 1,K7 1,715 1.96 2,205 
Total PaOy ©/© 25.8 2^.1 aif.o 22.t 21.0 W-A 18.1 
Citrate iasolmM# 
PgOj o/o 19.0 lh*$ li.f 8*2 h*'9 2,2 0,2 0.0 
Water soluble 
faOf o/o %h 10,1 12, a lh-^€ I6..2 1S,S 16.3 
Available P^Of o/o ^*8 9.5 12..*1 16*1 17.3 17.9 16,9 
Conversion o/o 3f^ 77 89' 99' 100 
Acid consnraptioa 
lb# HaSO^ 
ib* 
1.85 1.S6 1.95 i.ff' 1.92 1.93 1».98 2.1© 
H&istur# ©/o a.0® t»9S 3»37 ¥*02 5*25 '4,91 %2*M 
Free a©li as 
P2O5 o/o ®»2f #.58 '0.91 1.39 t..l3-i-' 3^38 8,88 
¥11 
t^©siti0a wi"tt l©el F sM, flm2 ^m&mt HtSOn, 
Acidulation, 
11>, 
ife. P2O5' 
0,if9 ©•73? ©•98 1»225 X,hf 1.715 1»96 2^205 
Total P^Oj ®/® 25.6 25.3 23.7 22.6 21,5 20.3 1#.7 18,7 
Citrate iiiso3tible 
PaOj 0/# 20,6 17.2 13^9 l«*t- • , 6.8 3*# ©••8 «»© 
Water soliAl# 
P2O5 0/0 3*«, •• . • a.7 ii,3; • 13.8 15*8 ^ 17.8 
IIRitlaM©..':FtO-y ©/©• . 5,^0 sa' f.S' • 12*^' im"' lS.f li^T 
0/0 . If 32 ; ^ ;  m Si i? • 96-, • td® 
Acid consT33sptioji 
Ifc# H^SO-^ 
•• 
2.5^ 2.30 2,38 2.23 2,25 2,02 2..^ ?*20 
feistiire 0/0 I.S9 1.93 2.17 ?.55 ^.55 
Free acid ms 
PgOjf 0/0 . i.»tS, 0.29 0,^3 0,51 0.^? 1.30 ^,85 
iOCk 
> 60 
UJ 40 
acidulat ion,  lb  h^so^/lb.  p^o^ 
fig# 1. Conversion and Acid Constaaptlon of Superphosphates 
Made with 7X*2 Percent 
i 
m 
I 
0.4 0.8 1.2 1.6 2.0 
agidulat ion,  lb.  hgs04/  lb .  
2m Free Acid In Superphosphates Made with 
71.2 P@T0@nt MiSCh^* 
i 
vj4 
V>i i 
ngi  
0.4 0.8 1.2 1.6 2.0 
acidulat ion,  lb .  hj ,so^/ lb.  p^og 
3; Moisture in SvperpJiosphates Made with 
71«2 Percent 
iiae® it ig tte Mghmt g^ai« Wo gl-r® 
f$ p@rc©at mimmsim ? »ifair#s aa aeiiislattoa 
of 1»68| T&-^k St It l«85i mA »elf ff 
ttaw tm f$ |j«re«at ^atersioa m&. i f«<pit«s 
mw% aeM tliaa ifoek F, rock M.f, 10*:§ peyctBt# 
f .| if#8 pmmnt mom*^  la tmwm t-^ eight 
•patios #f fit2;' f#3r®eiit sulteie aeia %© rock tii« 
miMSjsMm is ii®©«ssm^' for 95 pmmnt 
ifci II* ifmi rtiim iirt »iiw M Jr 
, ©otlveifb3.©fi» 
i©<lk.f -» 0.765 ». 71-2 0/0 HaSOi^b, rock 
Mmk i •* 0»767 ito* 72,t2 o/o HgSOv'l'b* 
. loek A - 0.80f 71:i2 • 0/0 at®%ab. rock 
tete F *• 0.807 »• 71*2; 0/0 rock. 
Acid oomsm^tton as i#flii®d li a fo-iat Talu®# 
Wfilt vis# tfe® slop® of tk® eoiir^rsloR w« acidtilation 
plot is to tli® r«©tpro«al of acid eoEStMption. 
ilac# tb«s® e#sr@r#ioii msr^m are tsssatially straight 
lia@8 ^ to at lisst 95 f«rc#at •coawrsioa (witli 
til© @»sption ©f. rock p) tlii a«ld coast^tioa sal' ^ 
smid to • tot; »nstaii% tlwotiglioat tM& wmgim* 'ftm ciirrm-
to® o-f tbt.ftttoal mi& .plota mw ^ attrilsut^ 
to avsilafel# Pt®f roek. Mortetng oa 
tMs ii^positiotti the slops of tlie coawrsioa ts. 
-35* 
«rr«s is @.•5, toae# at id eussn^tioa is 
2#0 IK M3tB% -pm Ito# Ft Of tisii®' airail@M«# fhis m.f 
^ eoiapaT'Si t© stoicMomtti^ie wmlm of l«38 f»i* 
waplet# aeidtilati©!! set^Minf €fmtios„ 1# • tettml 
aci<3 «©figwptioa 2*0 ©aly at »«» eoaplet® 
mmmmim foip f). mmsml 
®f »©l: f mf 'fet t© its ttgli carbonat# 
eottt^at# 10 sl®il:» iatm mm smllaMe f©r 
of ©®a|3.arisoii. 
Beyond tli# ©f fl t® fS p»e#at con-rersioa 
Mth fr@« aoid tai aoistwe iuersas® ali»flF« tWls 
J.i akj«i -la figia»#s 2 ma 3. 
i» mlli. mml. mest. .ia^?, 
fli© '©f ¥&i»i«d acidmlstloa witli 70*0 p%w^mt. 
HjPOt^ (the tcjntentratioB fsmi #ther Imr^stlfatos (11) 
t© give aasiaiiii mmmsim) «® stem ffmpMfallf la • 
figw^s 5, ®i€ % lata mm -gi^m in f^teles VIII» 
iXt X* tafi Xl» Htre til# results m% wmf slailaa' td 
tlios® presented for HgSO^ aeMtilstioa* For 95 peretnt 
ean^retsiott tii# coatsiiit of tli® roete to mi a*a.il-
aM# as miMmMtlon &t 2»2f is atM^i f@r 
f» for rock I, 2AO f©r vmk 4t and 2#^ for r©©k ?* 
®img f^r'-tqiiiTaleat 'mmmsiQUt s refiiir@s 
tail® fill 
of frlplm Sii.p#rplteap!ia%©s fed© with W sad ^*0 Percent 
Acidulation, 
acid VzOf 
rock iPaOj 
0*^2 Q,ff7 ia57 1.87^ 2,23f 1 2*fSI 
•^tal % Q f  o/o' 3f.:t %5«5 %7*6- »I9,# %*x ^..2 
Citrate iasQliatt-© 
PjOj o/o lf»5 13*-7 ; 2...8 #-»a ©•© 
Water soluble 
P2O5 0/0 16^1 t5»3 33*0 33.8 %3* 5 %7*8 ^•3 50. S 
Amllable o/o W*7 3i.a ,53.-1 na 
m 60 7f 88 98 100 
e0W«##i« •©/© 28 %-t 56 70 10# 1^ 
Acid COSSTimptiOB, 
aeid 
afadi#. Pa Of 
0*605 t.6?5 #•682 §•702, ©•TO ©••^7 
Acid eoiisiffl^tion^ 
aeid P2O4 
waii* roet 
1.B l.fQ t..®8 2*16 2«23 a»3^ 2.59 2..9? 
Molstee ©/o #.87 1*00 1,,09 1.08 1.22 3*?-6 6»%2 
Free aeii as 
P2O5 0/0 0.12 0.22 0*22 0*2% 0.27 O..36 l»5f 
TBhlm m 
ffcifl© BupmTpb&spimt0- Mai# wltii l®«t M m& f0*0 Wmwmnt %P% 
Acidijlatlonif 
aeM PaOf • i»S38 i«.to 1.-57 l.»f35 2.*3§ t*# 3*-@3 
TOck PfOf 
Total P3O5 q/q 38,0 ^7.2 ^9-.f 50.6 
Citrate lusol^Ms 
P2O5 0/0 If.f 5.9- 2*f ©w.f 0*0 O-.O 
Water mlnVl& 
PjOy ©/© l%6 2^-.7 3t»-2 3B^,1 %2.;f %7..2 5 511..2 
jterallaM# 0/^ 1S»1 27.3 3^»i,8 %f,7 ^9«© 50.6 
»«ilsbilltf ©/® 65 7i if fS im l®d 
Conversion q/# t2 36 $S as 100 100 
Acid consuiaption, 
aeid PtOf 0.670 0-698 0.6|S 0,700 0.702 0.711 0.72c > 0.752 
avail. PgOj 
Aci€ consiaa^tioa, 
aeid FfOg 2,.©i 2.?! t.31 2«32- 2.35 2.67 3»03 
avail* roek Pt^5 •• 
« #/© 0,93 1*1Q l,3.i 1.15 M9 1*06 2.3^ 6..5? 
Free acid as 
P2O5 0/0 ©•,18 i.ai 0.2f o,.t% 0.20 ©•If 1^»67 5.95 
Tabl# I: 
of -a^.® ^t!i A aad P«mm^' HjPO^. 
AcldiJlation, 
aeid FaOf 
i-oeS: ^'65 
i«^30 i,i%8 i*502 t*86 P*22 t#585 2.9^ 
fotal PaOj 0/0 ^0.3 v;.8 %9.t %9^f %f*S 
Citrate insoluble 
PaOj 0/0 1-3.3 1^.5 11.2 6:»8 3«^ . 0*3 o»o .. 
Water soltibl# 
P2O5 0/0 22.5 37a kC.f 
A*railafel#, ft Of ©/o l8«6 J>5.8 32.2 m*9 if7.8 %9«-6 ^9*8 
l"»aiiaMlf % q/o 6%' Sf 93 97 99 100 
Gonveusion 0/0 29 3f •T -r 63 s©.. • -91 98 100 
Acid consumption t 
acid PaOff 
avail* PaOy 
0.593 0*^689 0.720 0.706 0.700 0.710 '. ©.73.8 0.7^6 
Acid consimption# 
aeid Pa Of 
a^all* rock P2O5 
X M Q  2,22 2*58 2.3<» 2*33 2*if.5 2*^ 
MoSstiire 0/0 1,10 1,3^ IM IM 1.98 3.55 7«if \ 
a@M «©•• 
% %, 0/0 0,S2 0.2^ ©.27 0.31 l.Oi 
XT 
iMjposltios of TtipM $^mphmpb&t®s WaMm *«ltlit liiek ,F aM,. f©*.i F«i»e«it a|= 
Acidulatioa, 
acid PgO^ 
rock PzOf 
0,539 0,923 1.30 1.69^ .2-*%7 2.8if5 3.235 
Total FzOj ©/o 38.0 %3..:9 i|-7.6 %f*7 50.7 50.1 
Citrate iasolmfel# 
PgOjf 0/0 20.2 15A 10.7 6,8 3»f #•0 
Water soluttl© 
PgOj 0/0 l%-»6 23.0 31.5 37.5 te.6 ^6.^ ^9 • ^  ^9.7 
AvallaM® PfOj o/« 17.8 26.5 ^0.0 %8.% 50.6 50.1 
JmllaMlitf 63 7^ 85 93 'f7 100 1 LOO' 
€«iar®rst©B ©/O' 18 If %5 61 77 , m ff 3 im 
Acid consiaptioa, 
acid PaO^ 
airail# PfO^ 
#.1%S •#..758 0.7^5 0,7 m 0#733 o«7^. #•7^5 
Acid eonsTamptlon, 
acid PaOf 
STSil# rock 
Sftistar# ©/# 
3...02 
i*%5 
^•f0 
i*i2 
1,78 2«.6f 2.72 
1.77 2«15 
2»88 
3*23 7*18 
Rce© scid. ^ 
PgOj 0/® t«©ft "0.21 0*tf «.3? 0»¥3 1*S7 If.,. 67 
0.6 9 
0.4 0.8 12 1.6 2.0 2.4 2.8 
A C I D U L A T I O N  A C I D  P g O s / R O C K  P g O g  
Pig# h* Conversion and Acid ConioMptibn (Calculated on the Basis of 
Available P^Oj) of Siaperphosphates Made with 70#0 Percent HjPOi^. 
I 4* 0 1 
O 3 2 
a: 2.8 
t 
-ift" 
0.4 0.8 (.2 1.6 2.0 2.4 
A C r D U L A T I O N ,  A C I D  P g O g / R O O K  P a O s  
2S 
Fig, Acid Consumption Calciilated on the Basis 
of Rock P2O* Converted of Superphosphates 
Made with 70.0 Percent HjPO^. 
10 
o 
o 
< 
0.4 ; 2.4 0.8 2.0 t.6 0 
ACIDULATION, ACID PgOg/ROCK PgOg 
Fig* Firee Acid Superphospiiates Made with 70#0 Percent H|POi^* 
o 6 
04 
2.4 2.8 0 4 
,  ACIOULATION, ACID PgOg/ROCK P2O5 
Fig. 7m j|oist-are in Supefphosphates Made with 70.0 Percent 
2.0 0.8 
• 17-1 
%•§ Kj-ek 4t 6»f fmmnti. mA »©& F, 6*9 p®»e#:ni 
i©r« »M tliaa. jtmk f. la weight ratios df 70*0 
pmmn% 13?% t@ fo-ekij tli« wfalr®a©iits fm ff p®r#e.at 
©©avetslsa ar«f 
lofk f # lb. 7© o/# HjPOi^Afe# ?©®l£ 
Boek S • l.if^O lb# 70 ©/© H3POj4.Afc» focTc 
»o«k M * 1.^57 lb. 70 0/9 a|P%A^* 
lock f» • 1.520 IK 70 ®/e HjPOuAb. TOek. 
Itli consumption is plotted its th© ratio ©f PgOj fros 
til# aeli smilafel® .ia. tli@ smperp^ogpMts 
ia figiare fhise e-orfes are quit^ flat* 'In 
Figure 5 sicifi consumption is plettefl as <^e ratio of 
aeid PgOy ts th© Pt®| fmm tti© has »<i# . 
mvailabl®. leid ^©Bsi^tion. i^tJs ttols diffinition 
lias tb« smm imlts as Hie slop# of tlie 
Tepsloa mm tM-ialatioii. mwfm of figw®' % &m 
•straight liaes up to 90 pmrnnt ©©iiwysl«« Itld 
fi©-astaptloii as emletilgtei fmm tills sl©p« 
poiaii^s of PaOf th® aeid per p®mi of Pg©| 3^011 th# 
rock aai@ awilaM,®* IMs my hm to a stoltM©* 
ja@trie TttM® ©f 2«0 for ^aplets a#ii"ttlatioa #is#oj?Aiai' 
to -©caation 2, Actually tti© fignf® mf tmBk is 
#aly at m mmt waverii©a as eaa he s«©tt 
erf ftgM eone^ntgation oa eonvegaion 
MM mmmntT&tion vm feimt' to a • pro:ii#iii4©®i 
#ff#ct m conversion* Istreaili^ SgSOi^, concentratioa 
iitm flnt? t& it p©#t@iit Mstiits ill a la 
^GBwrsloa -of I. 'lo -6 flgw# S Ms 
iir«TO t-akiag poiats fto® aeidtilsti©ii -«# »sversioa 
©nffti.wMeh wi?t plotted, ftoa.th# i«ta is faMes XI2:» 
XIII, XI¥, Tf »ai from tif^e 1 to show the effect of 
1#S% ^ateatrmtiott# to M %mn 4«r®asiag 
fiws an laereai# la o-f tmm It©-? percent# 
fli© effect oa r©$k :'A" Is:exceptional. 
frlaary istn ob tlie of a|F% ©one-eiitratioii 
are giirea in faM®-s 'Wt, OTI# Xflll, iiA XIX. the 
r#si3lts ar# frapMemllf tn V'igmn 9. Both i® 
saft 8# f®r©#iit ©f HjPOi^ glire 3.€»®f mmmsMm %. 
tO' 8 pereent thaa aoes 70 pmmnt Mmijmm 
mnrnmiQn n&y- he Mi \^ith 18 t® ft ^#re#nt 
fkis i# lE af»«#at w$..th the flMltiii of lriig-#r 
5« £Mi t|ie §MJM* 
flmii tia# of triple smp«pliQspliat® msing 
rsoa t®iiip#ratis*®#: 70 per^tat H|P% s»i TmU TaJ:ies 
mmrn m 
Mimt ©:f HjSO^ Coneentration &i Conirerslop of feefe W 
lb. PjOy 
total FtOf 
•Sltra.te jtosolutol® o/® 
AyailaM.# .PaQ-f ©/» 
C#tsf»rsloB o/o 
A«M ©©asumptionj lb« 
lb. avail. 
ifeistw© ©/©•• 
S0ii as'Ft% #/« 
!»/© %si^  80' o/o %S% 
3.»  ^ i# »o 1.68 1,55  ^ 1-.48 
21»t 19.9 19.6 22.0 21.1 W«h 
3.3 1..8 2*2 0,2 
lf,f 18.1 19»2 17»f , i8..f 20.2 
S5 91 98^ 81 9f 
1»^ 1,72 1.91 1..s7 1.9^ 
2.8^ 3.0^ 3»f2' 2.28 2.50 ^.06 
0.51 0»8e #*St' 1*®1 
tsfcle XIII 
Effect of ©oiieeatrattoa 'to Ssiswfersloii. of ft»efc S 
60 ©/o HaS©^ 8§. #/<>• 
Afiidnlatton. gv 1.51^3 1.5.^ i.filj 1.^ 1.96 
* 2!' $ " 
fetal e/o t§,8 18,? tl*% 21«1 2©»3 
Cifeat# lasoltiW#- P2.%' o/o 3.1 l*f ©*9 3-'.^ t»3 t.»7 
AmilaM® PtG| o/e m7 18»3 17.8 18.,# 18.8 lf,i 
Cfiiw#i'sioii o/® 8f fl f5 ^ 8f 9^ 
A0ia esms^tigut I?' ^ 1,81 l.ai 1,83 l*^' 1.95 .2.'03. lb. avail.Pa 0|j 
o/o 3»^3 3'*^ 5»-S2 t.«%9 2*68- . 
'Wmm: ^as *t:0f o/o l»Of 2.Q3 0.S& 3*?0-
&t HtS%, C«ae#iitrati#ii Oa Gmm&Mtom #f A 
6§ o/o HaSOtt 80 ©/o HaSOj^ 
Acidulatlon, i.p^8 1.7^ l.S^fS 2.02 
total %% ®/o lf.1 18,8 18.1 20,2 lf«6 
&£tr«t© iiisol«Me W'^Oj o/® S*? 0*0 2.3 • 0«3 
Arailsm© FgOj o/© ' 17#% l8».l 18,1 li»t 18.8 lf.3 
^©oiw^gfea. 0/0 fl^ f6 190 89 f3 98 
A«lt ©®ii@«ptioB,, 3.l>* x.Sl 1.85" 2.05 l*f8 
lb. avail^PaO^ 
mXntwtB ©/© 5..11 • 5.91 6,70 2..f9 3*28 5-»0i 
ael€ as Pt0-| Q/O l»8f t»17 3*12 1..23 
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Xfll 
&fmt ©f HjPO  ^ on CoB^^rsiQii. of Mmk B 
it ©/© lIjPO  ^ a© ©/o %?% 
pock iF  ^ 0 J 2:«01 2.1  ^ 2m'$h 2^16 2.3  ^ t.-66 
f&tal Pt§|- o/o ¥8.1 %8.f %9.5 k$*f ¥9..3 fa...2 
Cltrat® ias^olmtel© 3»7 2:*6 1.% 2.9 l..,8 t.3 
Available ©/» ¥8*1 ¥9-»9 
Amilabllity ©/@ ft f5 97 f6 
€^QnmTsi.Gn O/Q 82 m 81 8 8 9$ 
1#M eonstMptloa, l^ ,tl.»...., 
amll* PaOj §•^5 a*f72 Q*.f2? 0*72? #•732 
M&isttire o/o 1..»¥i' l*6f 1*56 • 1*68. 2.59 
5^ee acM as P^O, o/o ®*3  ^ §»^3 §•65 #..3-6 §•¥3 1.59 
Table XVIII 
Sffect of m. Qotmmslmm of loek A 
Hcidulatioa, acid PgOt; 
rock PgOy 
fotal PaOy o/® 
Citoat# Pftj- o/o 
Amilam# ftOf o/o 
At^ailaMlitr ®/® 
0oiir#Fstoa o/o 
MM ©omswt?tloR» ^cid P^Og 
availi* PgOg 
Wst^tm® ©/© 
1^©®' mM-i as o/o 
60 0/0 Hj! 
2,02 2.19 
^7.9 ^*6 
3.7 
•¥»«a if4,.i-
fi ' ff 
7? ^ ^ 
0*725 0.72? 
1,53 1»69 
80 
2»3f 2.19 
%f •a' . kB^»h 
1*3 a,»7 
%^7 
f7 ^9% 
m 82 
•©.725 ©•7t7 
l^Sf 1*;7S 
«*80 
'o HjPOi^ 
t.»3f t»i§ 
%9:.0 •%9*f 
!•»% a,i 
%7»6 h%$ 
W 100 
^ 99 
0,727 0*738 
1*88 3#^ 
•§*58 
fmrnm MK 
Effect #f. H3PO11. Co&ete'fcratioii on Conwrslon of M&A: f 
So- @/o St #/@. HjPCV 
rock PgOj 2.29 2.62 ?,M+ 2.62 
Pt,% ©/©• %8,5 %8,f %f',a »8 
Citrat© tasoluM# Ft0j 0/© 3/M. 2*5" 1.-6 1.7 
ATailabl® #/o %7».6 ^7-5 
tridlaMli^ ©/© f3 ff 9? f6 ff 
Clornrersion 0/0 83 88 81 97 
0.750 #..^s e.^8 0,750 «.7S 
V 
l&lgt«r:e 0/© 1.93 3.98 2*6? 2*3.1 2,35 3*1# 
fi^e® a«M as P2O5 ©/o 0.65 0.80 1.23 0.36 0.87 2*02 
^ ea 70 80 
PERCENT H2SO4 
Fig. 8. Effect of SfSCV Concentration on 
CoaireJ^sion in Noriaal Superphosphates 
§100 
O 90 
80 I 70 
PERCENT H3PO4 
Fig. 9» Effect of HjPO^i. Concentration on 
Conversion in triple Superphosphates 
f©i» »o«k F IS s#®o»ia fm ?• 
ia#s« tiats @®»@sf©iia t®' 7f sM 2f toekti ©f fldw 
l.«iiigtli la n Mt^ taeliit^ aagHe trengii InolittM 
St aa sfigl't ©f •fmm tli« ^rlgostal-, fluid, times 
sad flm Miiftiis mm m wM# stiaulatiQii .reige mim 
f§ S|F% mm fresmt la J*if®pe« W ani 11* fii# 
fltjM Mat the 5 s#eo»t iijteiiig tla# as well 
m tM% th« Mtetlal to st% mp la th# 
tmngh. With l|f% tli# point at wMeli 
setting oeewted was f#ysr M all etsti# • 
4©M' t«^»ate« has a f'tify aark@i ^ffeet ©a 
fliiia tia# fflii flow length* for ex«fl#, -agliif f§ 
percmt H|F% te « M>mt sufficient ,t@ giw 95 p«#«at 
&mw0mi0a the flmli tia® of ? i® i«»#ssed from 
with 70®F« a«ift to 7 witli 157®F# 
aeia». fhi# »w«ipoii<llng length is 4#@y«asei fmm 
6k'to ^ ime!»s« iiall« was f©? 
all.rocks Is gk^m ia la IS.: 
At ro@» t®^erst\ire wltli ®3?tli0i>li0Sfli®rie aei€ in 
amomts t© giw atent ff ptfttai e©if?#wl©a,> it mM 
fQimi tbat 73 t@ ?7 pmmn% HjPOj^ fiws -ttlalMii flmi?! 
tia© ©f fir©» It t© 18 steoats# Antial ga?# pl©tt#a 
H3P0^ concentratloa ©f tmm 60 to 55 f^jpeemt la 
KVnu r? 
SI 
2 .4 E B 3 2 
OGK PgOg 
I0.». -irs-, Aclcn.tlstio.'j Ja TrlC'lt? S^i-orr-hoso-ates 
TBTCcrit rt ?!; LO " 
1.6 2.0 
ACIDULATION, ACID 
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ACIDULATION, ACID P^Og/ROCK P^O^ 
Pig» 11. Flow Length vs« Acidulatlon in Triple 
S u p e r p h o s p h a t e s  M a d e  w i t h  7 0 P e r c e n t  
HjPOj^ at 75 to 80«>F. 
.58-
100 120 
ACID TEMPERATURE, 
Pig# 12m Effect of Acid femperature on Fluid Time in Superphos­
phates Acid'ua.ated to Qiv© ^ to 97 Percent Conve^rsion &ith 70.0 Percent H»POw. 
Fig. i3» 
100 120 140 
ACID TEMPERATURE,""F, 
Effect of Acid f^perature on Flow Length in Super­
phosphates Acidulated to Give 9^ to 97 Percent 
ConTerstion with 70»0 P^^'cent HjPOj^, 
flfwt !.¥• flw length ie^wases witli.%?% mmm^t&tim 
%at €m& not reaeh s iilaiiiw as eaa hm smu 1» Vigm& i5» 
pfeosplmte melfimlBtei ¥t%ti %»% a#« tmt pms» 
tteottgh, t«fiiii-|® flmM aai plsitie st^»s 
getting mp as a p0»iis soltt.* Slae© th# tO'tal aaomt 
#f lifttiA iAi«t to a gifta tmatitj ©f m€% is i?©'milia.T 
@a$ lialf 0f tMt aSd^A wIimi H|B0||, li tit«i lest fl^iii% 
jiigM flit mttm transition fro® ttm 
iaitial 'irissoas mmss to timt a sslit wts^ial is ®Mh 
diff«r®!it.» flie poiat at wMeli tfe© -nitterial 
tmm a plastie t© & s©lii is not i©fiait« ai it is tow 
tripl# ii#©rphosphat©f la mm @mms MmB, it mt 
i^S| «# necessary -te complete soliaifieatiott to mma** 
i«t®»ittstioas mt flmid tin# iMi#at® 
•ttot  f l#2 peyeeat Eg$% eatmot b« nmi. ia a eoEtiaaomi^ 
miMm wM&h hmn m outs id t  aeaas of agitft t iom «©«pt 
Wm swirling mttioa mf tli# iaeoaing a@ia. vls©#sity 
®f tile mus mttm a 5 seeoad is meh that mm 
tlsmm €iitli»i9 ntjali M ispossiMt* Aeid eoaemtratioas-
of ^9 to NA|.® B#» allow good iis®li«rge.. Ummntw&tiom 
1mm ^aa B«* wiilt ia a very fluid pTQ&.mt 
wMeli s®¥#ml to s#t mp»- Heating tli# 
m±& to 190-200®?. was fomi to^ ifesmlt in wteli ao^e 
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Fig. Effect of Acid Conceiitration on Fluid 
Tirae in Superphosphates Acidulated to Qive 9H- to 97 Percent Conversion \irlth 
Orthophosphorie Acid at 73 to 7$^* 
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PERCENT H,PQ 
Fig. Effect of Aeid <Sonc©ntrafion cm Flow 
Iieiigth in S^iperpjhospliates Acid-al^^ted 
to Giw to 97 Percent Conversion 
wi^ Ortliophdsphoric Acid at 73 to 
t«fM set-liiii up# Wttii Tmks Ap F, 'iaia t, &• pyoiaet 
aeiialfttM td fiT# 90 » l#ss P'«r«®at ©ea^twiatt «•« 
%© ffiai# to 8«*l mp wssmaMy ii-y ia 3§ s^esais by 
using 200®?#' fo* 1«* ltS%, fo insw# wr# eoapl#t« 
mmmrston mA mlfoMity p3p©d«et» s«# for® of 
a«#'l»i©al -fim itajulfi h% mi«i* 
i* Iffeet. &i teapegattige mi mnmm±&& 
Wi$m^ l& illiiitra'b#s th.® iiffeip#iie# 
l»@tw®eii Tmm teiip®rmtt»® 3?tsetaats aM curtag -isd 
13#'%#. s@ii toipsfate® aai 15$®F» slwalatei pile 
'emriaf* p»e#nt IgSO^, «# msti* fh,# o¥#rall 
is not proiiQime^i, ro'isk f lisfing a I t© t 
eonTtrsioa .and met $ m 1 to 2 peweiit 
low®^ ^nwtaioii under tli® ©l©fat#A ttaperftte# 
mm&tttQuSg Mmks A ani. F snffef-M a© 
A stMlm «impiffisoa is sliom ixi Figwe 1? for 
f§..0 p«e«at HjPO^* , Wm0 dmemmM mnt&t$lom rnmmpmM 
th,® 1^%, euriiig ia w®!*^ emm* ®ie imwmsm rmg^ 
imm 1 to Ih p&rmnt^ roek P Buffering @e«at©»t 
elifflige. 
f mm# XX 
So^QSitioa of SuperpJKssphates Made with l©eks F S 
aai 71«2 Percent H^SOi^ at 1300F., cured at 150^# 
leek F B 
A©id-ulatioa, 
ife., 
ife. P2O5 
1.06 1«.66 1.92;? ?.08 1.6Jf l»-7^ 1*96 2•li^ 
Ifotml .Pt'§| &/a 23»f 23. f 1%$ 23.-^  23.7 2%*0 22a 
Citrate insoluM® 
PgOj 0/0 ®%5 t-9 !•? #•2 0.0 
ATSII&M© 0/® ' S2.1 23.2 23.5 19.9 . 20.'f 22.2 23.8 at»i 
^mmmlon Q/Q ' 92 98, 100 1« ,. 87 : 99 100 
Acid consii»ptioa 
lb* I^S% 
lb« avail* P2O5 
- un 1.92 a*iS \ i.:as . 1..86^  3 .98 2.m-
Moistra*# .#/©, t.72 Q*$9 1.59 0:.3^ - , 0.13 0*20 
Free acid as 
P2O5 0/0 0.1fl 0.7B .^•18 J.f2 0.18 o.2jr ©»Sl 8 #26 
•taM§ IM 
©omposition of Stqierphosphates Made -with Rocks A and F, 
aiid 71.2 Percent HaSO^ at 130®F., Coared at 150®F* 
Icidulation, 
lb, HgSOu. 
f©tsl FtO| o/o 
Citrate insolmbli! 
P2O5 0/0 
eottr@?slon «/o 
^id consuraption 
128%. 
Ife# avail* Pgdg 
,teistijre #/o 
Fr#© aeii .as 
l#ek A rnmk P 
1.7% l»l%8 t^ ai 1*M. 1.937 2*33 
22,6 22,2 23.9 19.1 21a 23-.9,. 2®. 8 
2.2 0.f 0»O QmQ_ •2«2 1-.%, t.i, • 0.0 
20*% 21n$ 19,1 .20..,% lf.7 23»8 20.8 
f© 96 1@© 100 fO •f3 100 100 
1.93 im 2,05 .a, 02 ?.07 2*25 2-33 
0.50 OAl 1,1© 0^ f^7 o»25 l.%0^  2.8% 
#•20 0.23 3-*^  ^ 0..22 0.33 5.61 10. %2 
I. 
fam® XXII 
Coiposition of ST^erphosphmte Mad^ -sidth R©«fcs F and S 
mA' 7#»§ Fmmmt HjPoi at 130®F., Cicred at 150®F. 
m&k W lo«& i 
Acidulatleia, 
acid P2O5 2..07 t.8® 2*3J4- 2.86 
rdcic 1^2 6 J 
fotal. 0/0 5a»o 53.9 ' %S.9 ^,.1 P.2 50-..6 
Citrate insoltiMe 
P2O5 0/® "1.0. 1»2 §.l §.•0 2...8 "• 1»3 0.? .ta 
AvailiiM# 53.a 53-9 m.B 5#*o 5t.5 
iirailaMli^ 0/0 f8 , f S  im ' f 7 99 
C«a¥«rsle(ja «/Q 99^ • tm at • f 1 98 99 
Acid eons-oaptioil 
0.689 §»708 0.72^ acid PgOg ©•7^3 0.717 ••0.72§ 0,730 
aT^I* ^205 
S&lstar# Q/& ^ i,%a' t.67 C.BB l»:8l • 0^55'  3*18 2.h6 
Free acid m 
P2O5 0/0 0.58 2.-90- 6.73 #.%3 QM 2,.18 " 
faM© 'roil 
Composition of Superphosphates Made witl- Rocks A and P 
and 70.0 Percent at 130®P., Cured at 150 F. 
Mmk A, Mmk ¥ 
AeidnlatioB, 
aeid PgOj 
rock PgOy 
t*39 2:. So 3.00 2»62 3..»' 
ftital -o/o 50.2 5I..S ft.2 ' 52*^ %8»3 ^6.9 h%B 
Citrate insoliibl© 
PjOj 0/0 ' 2*2 0*9 0.1 O»0 3#3 9*3 
rnmllmmm ft/® %8,©- m*9 . y2..i 5S..% ' %8a 
AmilafeJlitsr 0/0 ^ fS 100 ;it0 93 •95 f9 •99 
^oarersioa 0/0 • 86 ^ • 99 100 76 »2 96 97 
Acid constiraptioii 
aeid P2O5 
Srail* PfOf 
•feistar® 0/s §,.%1 
.0.719 
§.81 
0*73S 
l.f3 z.r7 
#.762 
2»f6. 6,75 
0.755 
5,.2,5 
0.75^ 
3-. 52 
I¥ee acid sts 
P2O5 0/0 
0,1^ 1,30 3.. 91 h»m 0..,6l 1,85 2.03 •2^32 
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f* §Mm. pm^rn 
Mmm asi tto pressure 
la a ewiag fll# Is afecmt It pmaids p# Sfttar# in^li, 
1© e^iiig wm witli mf of tli« aaterltls 
at thii pr®s.siw®# l«ae© to ©tetsln restilts tm p@isiM# 
©oafarista *. pressw© of 6q pomds per stW'® taeii {36) 
was 'tisei* A, talsilstloii ©f the eaklng teMaacles is 
ilvea la faM# XIX» Mtlieagli ussy ©f %hi# erfces r#-
tmir«i a »#aitirsW© pr#ss«r@ to break them^ mlf 0a©,, 
»ek f, m«M Ft©-|/ro$k PgOf » 2,593, mnM sot b# 
•asily li©tw#eii tm fingers. 
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Table MW 
Caking ftsts 
4eidiilatio« ^G@sr#irsioa fmBsme IMcteess 
Pai. tmhm Psi# 
71.2 «f/o HgSOi^ 
. „ ,. l9#fe f • - •. . 
1|715 96 ii 3A 1^.9 
1.96 100 $Q 13A6 29.8 
' ,  .  ,  M 
1.715 89 60 laAi 22.3 
1.96 99 60 3A 21+.8 
&0C& F 
1.715 Sf 60 3A lV.9 
1.96 f$ 60 ISAo 26.9 
lnek i 
1.715 93 fO 3A^ 8.95 
1.96 100 60 11A6 lif.9 
f0*l #/# 
. -. mm f • ' , 
2.593 100 60 no caMi^ 
2*953 ^ 100 6o 5/8 610 
. . .  l o d e  A  
2.585 98 60 13A6 101 
2.9^ 100 6o 13A6 127 
lO'Cife P 
Z,8k^ 99 60 m easing 
3.235 100 60 11A6 %7f 
mek S 
2 » $ f  ISO 60 a© eald.:i^ 
3.03 100 60 5/8 179 
3.* .aMitiQR gtaiiei 
The rtsmlts of slxlng i»o@k aelittlat'ei 't® tli® 
dlcalcii® r&li® at r«quirM timtioa hf wltli 56® 
!«*• luSO^. $m& ia the tmM -t® stfp®atls@ 
mtlos of IfO,. 3tl, 3tt Mid 111, mm stem la 
faM# XXV. fli# a@lAmlatioii was !•§ poiais of 
Iti% F«' p©mi 0f PfOi or »«* IfSi*. 
ptr foisii of 
fafeX© OT 
CoBiposition 0f DicalciiM Acidulates Mixet wttfe 
Serpentine mi Cured at Room Temperature for 
30 Bays 
fotal FtOf 2h*9 16,2 13*6 
Wat«r, solmM® 12.6 h»$ 3#^ 2.tS 
eitrat^ ias#lmBle P^Qf 10.7 ii.7 10.1 8»o 
Afallatt® S.3 5.6 
Conversion o/e hu 38 i|.l^ 
Fercent wat#r soluble f^0|. $Q 21 a i  
from tlies# data It is wiiaat-tliat the w»t«r solufel® 
fra«ti©a ©f tli® fa if ptmmt- aai 'tfee aviilaMltt^ 
dmmm® 'W$Mi iaersased sefsseatin© afidltton* ftes, 
aiiittoa in mmm ©f a m^k t& 
3r®tio ©f 111 .lias m "beneficial ©ffeet. • 
Bi# stoil©® aaie on serpmtia© aiti'tion m& 
®lemt@€ mvim ttap^atiaa?-® witli To&k pliosphat# iteiim* 
Istei to til# stoichiometric ilealeitaa plicisphait® ratio, 
show tliat timtSmg the pss-tially .aeianlatefi, nate^ial up 
t© 200®C, tQT pmvioiB mp to oa® hilf hanr hm lit tit 
@ 
«ff#et» Mater solmb'ility i«er®%®®s aarke^lj atef® 100'C*, 
tttea t#rpestiiie is aifiei in tli# rmk to 
0»wpentim mtlo mf 3i3#~availal3illty is Ammm^ W 
mhout 15 at SO C*# with ooly t jgmiaal d@©r®as# 
at blgiier t«Bp#ratiaf©s* iolmMliti' i®er«as®s 
liii#afl^ witli la«r«as®i t®ffip«atwe* She istrpentin© 
held cSowi au^ TOlatilization l0ss, rtwlting^ in a 
eoastaat total mntmt mg&Ml&BB of tbs ei»isg 
fh@ msultB are Bbom .ia Fipiifds 18 «ai 
If aad ia faljl© MMZ It is miir#3*t!i.el©is» that 
teth se3P^«tiB« Sufi el0¥atei t«ip©i*attir'e d««r«®8e 
eOBW^SiGfi* 
Ixperisents 3®t mp to i#t«Min® the eftmt of sei»» 
peatiM ®ititioa ele^^ated tsaperatart oa tlie 
cowtrsies of reek fl^spiiat® freshly aeiiiilatei to tfe® 
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ROCKi  SERPENTINE 
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TEMPERATURE ®C.  
400 
Pig. 18, 
60 
Availability in Bicalclim 
Acidulates with and without Sep* 
pentine Addition at Tarious 
Curing Teaperat-gres* 
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Fig. 19. Total Pj|Oy and Water SoluMlity of 
Dicalcitiffi Acidulates with aM with-
out Serpentine Addition at farious 
Curing Teiaperatures* 
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mrnim tmkp, 20®c* 2§o^» 300®c» 35o®c» 
Superphosphatif to 
serpentine ratio I M B  3il Iti 3tl l f0  3tl im ' 3<1 
f0tsl 20-.f 1*^.1 21. 3 15,? 21,0 • ,.3.7»6 2'3.0 17.7 
Watw goXiibl® 
PgOf 1?»0 %$ 18.9 2*t f*i|- ©•.6 i«i #*9 
Citfat# insolsbl® 
FfOf 9/0 . 0«6 1*1 1.0 1.^ ©».9 hml 6,7 
Availate© PfO-^. 0/0 2§.i 13,.5. a0»2 20,5 16.7 18.9 11.0 
Water solnMlity s/o 82 65 • 89 3^ ¥5 3 .5 6 
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HgSO^, o/o 
concentratloB n»2  60.# 50..0' 30.0 
20.0 ag.*!' 19*6 
fotal P|Of, o/o 
iaili#atei 17.t 17-^k 16,^ x?.3 13.9 
2 o/o citric 
acid soluble #/o 8.Q 9*3 1Q»3 9.1 
ATOilabili'^ o/o 39 %3 if 6, 
Keating loss, o/o 
basis heated 
saapl® weiflit 
13 19 17 31 29 
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heated ' 
total PjO, o/o ,, s 
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2 o/o citric #; 
aeld soluble o/@ ^*3.» 
I^ailability o/o 2^ 
Heating lossp ©/o 
basis heated f 
sample weight 
23.. 8 23*2 22,h 
21.0 19*7 
7.3 8.1 3.0,5 
32. 3 f  kf 
12  15  t© 
I t 
s 
£ I 
I  ^  
s 
a 
3 
g 
® p* 
m 
K 
I  
1 5 
I  
•p 
w 
g 
* 
% 
m 
M 
4» -ri-& H 
#• 
« I 
.S' I 
1 
s  
i 
» 
«rl 
I  4» 
® 
I  
0 
1 1 
» 
I 
€ 
1 
€> 
T3 
I  I  
m 
M t 
® 
I I  4»- $«, 
fa. • & 
1 
-4s 
s 4i> 
i. 
s 
i 
2 
45 
J 
J 
•a 
I  fe 
© e 
c 
43 0 
1  f* 
I 
§ 
53 
•© 
M #s 
s 
o-
I 
e J 
e, 
©. 
I 
«@ 
<6 
m 
i 
I 
m 
%4 
o 
« 
• d  
•rl 
*4 
$ 
JC 
I 
® SI 
I 
I I 5 i I 
© 
s z Pt , 
I I  
J  
"i I 
t 
J 
i & 
t t 
s  
5 
^ts © 
M 
$ 
M 
& s » ^ 
I  M  I  
f «l-I  g  
%-» 0 
r4 g B i 
I 
# 
i 
•© 
|4-I 
J 
« g 
0i 
a 
I 
t & 
g I 
»• 6 
I i 
§ s 
•H m 94 ^ O «f H «• 
I 
e 
I 
•s 
m 
•i 
i 
N 
I  
5 
# 
1 
. 1 
I -
I  I 
1 i 
m « 
• ^  
I  I  
^  I  
« s 
0 
d I 
. s 
fable m 
AMition Agent Stadlts with 
Ciired at 200 for One Hour 
Mditioa • total Wst#r Cltrat© Alrail* PgOj 
agent PgOy soluble insoluble able aTall-
P2O5 f80| ability 
wltlj fQ.§ pereeat I|PO'^  to , ^ 
Control ^3-«2 15.9 17.1 al.3 41 
ierp«tin« 32*2 13.8 18,% 5^ 
31.f f.8 12.9 if.-.§ 59 
toftytroms CaClg 7»f 11,7 i9.i' 63. 
Qmtml a.7 17.^  2f».i m 
Silica gel 32,.7 7.f 21,5 m 
3a..8 13.Mf 11.9 tO:.f 
HaaSiOj 14*7 16 22,1 'f? 
IciiulateA witli 70.0 M.^W% U . 
CaO 
7^.3 I8.t©t i«3 %1»0 87 
%SiO%'»3eHii %%? 32*0 m 
CaCla 39.® 18»9 \a 3^ .2 S8 
iiliea isl 3^*7 l€.t9 3»7 33»0 90 
m 
m 
•p Vi 
% 
"p £d 
Si 
I 
J 
i 
n 
I 43 I 3 
0 m 
g 
S I 
I 
I 
I 
g O 
» 
m 
*rt 
» 
I ag 
J 
«' 
O 
m H 
«4 ^ 
a 
i 
•> & 
^ «» 
r~i 
S g 
nrt 4^ 
5 g 
® a 
I I »' I 
•« « J -
I 
01 
g 0 
 ^ 01, 
•«?S © 
1 i 
^ n 
# • '$* 
M f 
s 
o 
<© 
s 
m 
M 
M 4S 
0 
1 
I 
& 
£ 
« 
w 
4^ 
el 
s 
A 
o 
o JN 
4^-fS 
I 
s 
I 
o 
4» 
g 
& 
u 
ft 
O CO 
% 
o 
ti 
»-4-
S 
I ^  © i 
5 
I 
• 
m 
m 
I » 
43 
*4 <# 
*rt 
S, 
« 
® 
4J 
I? 0 
g 
1 
£, 
%Pk 
•82* 
f$m tl»se tata It aay b® eonelmdei that «all 
^.©aefieial eff#ets were olbtaitt.#^ Is &om eases, fte© 
li-®atliig lomm ImmntM Indicate supeflaest^i st®« 
do#s m% t#si to the mmsBm^j moistwe for 
toytrolFSis, 
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fatol© mxi 
Sffect of Serious Addition Agents CmrM. 
Sn Superheated Steam at 175®C» 
Afidltioii Percent Total Citrate Avail* Airail- Heating 
agent addition PaO^ insoluble able ability loss* 
•  P fOy  , F3O5 
Asfiiil*t@d 1m S£l,f£l.2l. * Gmf$ "witli 73. pm&mt UgBQ^ 
CaO 
I^iOt^ 0.0 ll.»6 13.0 f.l 
2.5 11*6 13»o n 10»4 
5.0 t%«§ 12,0 12 •O' lt»€ 
Silica gelO.O lit 7 12 »9 10.1 
t,5 2%*? m^k 13»2. 56- lOiO 
5^0 23.8 10,2 13.6 57 f»S 
Starch 0.0 2li-,6 11.6 13.0 53 1§»7 
a%.5 It* 3 12* 2 50" 11.% 
5.0 12.# 2 12»2 fo 13.1 
Panther 0.0 2V.5 11.6 12* f B 10.7 
Creek ' • 
Bentonite t»5 2H-.5 11*8 12.7 ?2 11.1 
23.9 11.0 12.9 fi­ -11,3 
Staaiart §#0 11»6 12.9 ll 11.8 
Volclay -
12 Bentonite 2.5 25^-. 3 11^*7 10.9 
5.0 aif.a 12.8 11.% 
Ammonia 0.0 2i|-v7 11.6 13*0 53 10.9 
still 
•^2 13.8 liquQ? 2.5 11.9 12,7 
?.0- 15*9 11,2 Ihpf I5*f 
Table XXXI. eontiamti 
Addition Percent Total Citrate Avail- Avail- Heating 
agent addition PjOt insoliibl® able ability loss* 
PgOj  F2O5 
Acldulatoa ^th 70.0 H,PO, to §^2 . 0.66? 
Etiiylen® 0.0 ll.«6 75 9.6 
glycol 
%%»o 2.? 11*7 32.*9 fk 11.0 
5.0 ^3.0 11.8 31.? fZ 12»9 
Pantlier $.*& ^#3 11.5 3^»8 75 10%6 
Creek 
Bentonite 2*5 k$»h 10*.8 3^.5 76 H#t 
5.0 kka 11.8 32.^?- 73 11.0-
36..f 27.5 11«1 
30.2 7*i 22.5 75 10.7 
im- 23.3 5»6 74 %B 
§»0 11*6 75 10.5 
11.? 32.2 9% 10.% 
5.0 ^2.7 11.5 3ia 73 10.9 
•§elatija« 0.0 kB,9 10it3 30# 79 15.^-
k7,7 10.3 37.:^ ff 16.5 
5.0 10.8 35.3 f€ lJf,l 
Bmrp&itiue 0*0 11»3 3^*3 , 75 'aot 
t^ea 
2*5 12*0 33*^ 
5.0 k3*9 12»® 31.9 73 
#15 
faM# XSXl* eoatlnmei 
Additioa Percent total Citrate Avai]^* Avail- Heating 
agent addition fg&§ insolubl® able ability loss 
, P2O5 
Acitvatei 0-.;& ua 3^.^ n %5 
alDEMlna • 
2,5 ^3.7 13.8 29*9 9A 
5.0 hi *7 , 13*6 29.1 68" 8,6 
•icHs 0 
hM 7? 0,0 11,3 3^^. a 9*3 
2,5 m,8 11.0 33.8 75 f.S 
%0 If 2 * ^ - l§*f 31.7 75 9.1 
iUKtt' ^6.2 ll.»5 3^n7 n 10,0 
2.5 »f5.l 11,0 3^.2 75 11.6 
5.0 k^.9 ii.3 32, i 12'*h 
Sillt® 0.0 W * l  Hi 6 35.5 75 9»i 
gel 
%6 27.6 7^ a5- 3^*a 9,2 
30#3 f»k 22,B 'lk. 8.f 
im ??,0 16,6 n 
luiisi mtisat^d w©iglit 
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GOlCiUSlOlS MP BKOMMBASQ® 
Bi# eoncltisloM of tli© rese^reh. ar® eii®i©Fatei 
as followsi 
1# fh& mmtem rocks' stiaai@d liighey 
tegr©® of miiMlmtioa than did the FlofMa roek* Sine® 
a mm' limmT relation .exists feetw®©!! th# f®j'e®at FgO.^ 
In tiie ro«k airf tli© a^itmlatiofi yequlyed for a gi¥eii 
eoiiir#Mi0tt f0w all roefes stMied* a:ppai»#ntly the 
westefa woekB mm si smitatele for aei^iilatioa as 
Floiriis rock. 
a,. Al»t# aljont f5 p«3?e#at ©©nwrsion aeifl 
consTnaptioa, Mjistiirt and tvm mM inejfeai® sliajrplf 
in smp#ypfe©gpliist®.s aelfitilstet with eitli#r stalfwrlc or 
orth©ph08pliorlc 
3.« file flmii t.ia# in aiding tock anS aeifi in-
er«as@s -with Foel grm€e« Higli eai*tsoaat® eontent as is 
fomd in Toefe ? materially i*'®iti©©s fl^iii ti»*. 
Lafeoratoj-y d«t@raiiiatioas &i fliaifl tin® iniieate 
that^'eithef- lao'rffial ©r triple supeTpimsphotBS ean fee aawle 
ia a eoiiieai ^©atiatioms ®ix#y*, Foi* nofaal smperphospliftte 
a sttlfttrie aeii eoiie«tifatioii of 6t«2 pa^eent or less is 
#.07* 
eoaeentratlons of less tMan 65 pei-eeat 
%P% proloagefl fliadd time. ' fh& tl»® rf 
qair®<l fer setting- up imdieates a im mnM b® 
r®tt3ir@d for aowal stiperphospbatej bowewr, f©r triple 
suptrpMsptete a belt conif^®|'or i«tiM im swffiei@nt* 
5* fli© ttse of suffttrie aeid mom comm%T&t^ 
tliaa 71..2 fsreeat r©a,i»@-s -ttie 'TOirftrsioa in aersal 
sttperptesphate# -More diliit# sTilfapic aeifl increasii 
eoiwersion sligtitlF» Sixty^eight to 70*Q pmmmt 
%?% glT®s im3ci«» e0.iiT®i*sion in tripl® s-aptrphosphate* 
6, MBlthm ttoraal air triple smperpliosphatt 
aeiimlstsi to giT# l^ss tlian 1©0 p&Tmnt commwsion 
ana e'urta at 8© «s«k#s to a leasiirable ext®at. 
7« Ctiring tesperature to 150®F. has littls 
#ff@it on «jo.nf«r-sioa ia no-rmal superphospMt#. In 
triple superpHosplimte elwatei CTirinf t«»p-®ratiir© mmes 
m eoasiitratoli! 4eer©a-se in eon'rersien# 
8, leating fr#slily aeiiiilated smperphospliate in 
air up'to kOQ%* or in an atmosphere of superheated 
steam at 175®'^* r®sults in losg of moisture and stops 
fur'tlier reaction. 
f» fli© siiition cif &. mm^sium silieat# to a 
*•88 * 
gmptfpliospliatt reiue#® the wat«r soluMllty of tlie 
#oBt®at gr©-atly,. while tfi© sTallabillty is 
4'@e:r«as#d ©aly sllfhtly. 
10. fh.® coablmsi effect ©f ain additioa tf©»t 
ineh m s®pp«iitlae> 'SUlea gel, brntonlt® or stareh, 
and irj heat ot smpeirh©at#i st®am on conv©fsioii Is 
slightly beuefieial ia some ©ases» 
Sie following vem^m^mtlom mm iiait for fiit«r® 
msmmh m this 
1« 'fli© aeiinlatioE of a mmbm of roetea haidng 
a wi€® range of P^Qf eoutmt shotild be sttMiea t© obtain-
l^e iuf'OMation mmaBarj to explain th® $xaet reaetion 
M€cliaaisa and to fy®par« eMrts for tli# 
preiietioii of s«iiwlatiO'n, ii#e©ssa?y for otber 'jfoeks* 
2, Att#»pts sliouli b© ®a€e to stiMj totii vmtmn 
mS. Florlia rocks of mrf mearlj tb.e sane grade* ligoroas 
eospayiseii eomld tfeeii h% 
3* itmii#s slioTjia to# bM® mmp&ing sine 'rm 
vmte-Tfi TQQks aad thos© wMeli h&m been b-euefleiated 
a»ft/or ealeiiiti. 
h* 'ftotfeer attMpti' slioiili fflsde to proiiie© a 
dlealciiM' ferttllzer hf ilyeet aeiimlAtioB 
@f mek ph©sflmt@» fhis siteiild be e»riei ©mt by ai-xUaf' 
Mek iM aeM at ©2.@f*at®d t@Bp®r&t».r®s^ ani 
Tini-@i» iap#ratiaos|j&$3?le pp©sswes. 
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